Essential role of histidine 20 in the catalytic mechanism of Escherichia coli peptidyl-tRNA hydrolase.
The peptidyl-tRNA hydrolase (Pth) enzyme plays an essential role in recycling tRNA from peptidyl-tRNA that has prematurely dissociated from the ribosome. In this study of Escherichia coli Pth, the critical role of histidine 20 was investigated by site-directed mutagenesis, stopped-flow kinetic measurements, and chemical modification. The histidine residue at position 20 is known to play an important role in the hydrolysis reaction, but stopped-flow fluorescence measurements showed that, although the His20Asn Pth mutant enzyme was unable to hydrolyze the substrate, the enzyme retained the ability to bind peptidyl-tRNA. Chemical modification of Pth with diethyl pyrocarbonate (DEPC) showed that a residue, with a pK(a) value of 6.3, was essential for substrate hydrolysis and that the stoichiometry of inhibition was 0.70 +/- 0.06 mol of DEPC/mol of enzyme, indicating that modification of only a single residue by DEPC was responsible for the loss of activity. Parallel chemical modification studies with the His20Asn and Asp93Asn mutant enzymes showed that this essential residue was His20. These studies indicate that histidine 20 acts as the catalytic base in the hydrolysis of peptidyl-tRNA by Pth.